ABSTRACT. High-sensitivity cardiac troponin T is a useful tool for diagnosing myocardial ischemia. However, its role in the prognosis of patients with acute myocardial infarction has not been studied. Here, the prognostic value of high-sensitivity cardiac troponin T for patients with acute myocardial infarction was investigated. The concentrations of high-sensitivity cardiac troponin T, other clinical chemistry makers, and living habits were investigated at the time of admission in patients with acute coronary syndrome, whereas the high-sensitivity cardiac troponin T concentrations at 6 h after admission and during recovery were analyzed in other patient groups. The concentration of high-sensitivity cardiac troponin T was significantly higher in patients with acute myocardial infarction than in those with other cardiac diseases and in controls (P < 0.01). Based on the standard diagnostic criterion, 134 patients were diagnosed with acute myocardial infarction. Monitoring the change in concentration of high-sensitivity cardiac troponin T in patients with acute coronary syndrome can reduce the risk of recurrence and death.
INTRODUCTION
Acute myocardial infarction (AMI) is the most common and serious cardiovascular disease worldwide. Attempts to find new AMI markers, ranging from the initial myocardial enzymes (aspartate aminotransferase, l-lactate dehydrogenase, creatine kinase, and hydroxybutyrate dehydrogenase) to creatine kinase 2, myoglobin, cardiac troponin T (cTnT), or cardiac troponin I (cTnI), continue because these markers greatly reduce the time required for clinical diagnosis and provide patients effective support. Among them, cTnT or cTnI, which are derived from heart tissue, are specific markers for myocardial infarction (Zhou and Tu, 2011) . cTnT is a cardio-specific marker for myocardial damage (Katus et al., 1989) , but its level increases approximately 3-4 hours after AMI (Kawahara et al., 2011) . Early detection of the cTnT protein marker in patients with a higher risk of AMI can reduce the risk of death due to heart attacks. However, the clinical use of cTnT is limited by the low sensitivity of conventional commercial assay systems. Therefore, improvements in cardiac markers would enable better diagnosis of AMI. The role of high-sensitivity cTnT (hs-cTnT) in myocardial ischemia has been demonstrated in many studies; hs-cTnT has recently become commercially available (Laufer et al., 2010) and is being produced and distributed by Roche for clinical applications. One report showed that even mild coronary artery disease was associated with quantifiable circulating levels of hs-cTnT in patients without acute coronary syndrome (ACS) (Laufer et al., 2010) , whereas other research revealed its function in the prediction of evolving non-ST-segment elevation myocardial infarction among patients with suspected ACS and negative troponin on admission (Giannitsis et al., 2010) . However, there is insufficient evidence to support the diagnostic sensitivity and specificity of cTnT for the detection of myocardial ischemia. The main purpose of this study was to investigate the prognostic value of hs-cTnT in patients with ACS for detecting the recurrence of AMI within 6 months using continuous hs-cTnT detection.
MATERIAL AND METHODS
Blood samples (3 mL each; without anticoagulants) were collected upon admission, at 6 h after admission, and during the recovery period from patients with chest pain suspected to be caused by ACS at the Second People's Hospital, Yibin City, Sichuan Province, China, from September 2009 to October 2011. These patients were followed up until February 2012. All patients with suspected AMI were divided into two groups according to ST-segment elevation status on electrocardiography (ECG): the ST-segment elevation myocardial infarction (STEMI) group and the non-STEMI group. The variables α and β represent the percentage changes in hs-cTnT concentration from admission time to 6 h after admission and through the recovery period, respectively. An electrochemical luminescence instrument (e411 ® ; Roche, Basel, Switzerland) was used to test the specimens. The hs-cTnT reagent (REF: 05092728190) is a fifth-generation AMI marker produced by Roche. The data of the control group were collected from 138 healthy persons.
Data are reported as means ± standard deviation (SD) or as proportions. In cases in which significant differences were observed between groups, multiple comparisons were performed using one-way analysis of variance (ANOVA). An independent t-test was used for com-parisons between the two groups. All statistical analyses were performed using the SPSS 18.0 software (Chicago, IL, USA).
RESULTS
The background characteristics stratified by disease for patients are shown in Table 1 . The occurrence of ACS was significantly correlated with baseline characteristics such as living habits and lipid serum levels among patients with AMI, unstable angina (UA), heart failure (HF), and the healthy control group.
The determined clinical sensitivity and specificity of hs-cTnT in the 134 patients with AMI are shown in Table 2 . As the hs-cTnT concentration increased, the diagnostic specificity increased whereas sensitivity decreased. However, the sensitivity of the α values did not change, and the specificity increased when α increased. Therefore, the change in hs-cTnT concentration between the two detection periods can be used for rapid diagnosis and effective treatment of AMI. Table 1 . Baseline characteristics of healthy controls and all patients with acute coronary syndrome or heart failure. AMI = acute myocardial infaction; UA = unstable angina; HF = heart failure. All statistical comparisons were made against healthy controls; NS = not significant. Table 2 . Clinical sensitivity and specificity of hs-cTnT in 134 patients with acute myocardial infarction.
hs-cTnT = high-sensitivity cardiac troponin T; CI = confidence interval
The proportion of patients with AMI and hs-cTnT concentration changes between admission and 6 h after admission is shown in Table 3 . The proportion of patients with AMI diagnosis correlated with the initial hs-cTnT concentration and the change in α values.
We analyzed the concentration of hs-cTnT at admission and during the recovery period after different treatments, such as percutaneous coronary intervention, coronary artery bypass grafting, and thrombolytic therapy, to determine which treatment was more effective for patients with ACS (Table 4) .
The occurrence of AMI in the 134 patients during hospitalization and the subsequent one-year follow-up period until February 2012 is shown in Table 5 . Within one year, compared with hospitalization period, β correlated with ACS reccurrence and the risk of death. Table 3 . Proportion of patients diagnosed with acute myocardial infarction (AMI) on the basis of changes in hs-cTnT concentration between admission and 6 h after admission.
hs-cTnT = high-sensitivity cardiac troponin T. The percentage in parentheses is the occurrence probability of AMI. Table 4 . Baseline parameters of patients with acute myocardial infarction (AMI) undergoing different treatments and the concentration of hs-cTnT during the recovery period.
hs-cTnT = high-sensitivity cardiac troponin T; PCI = percutaneous coronary intervention; CABG = coronary artery bypass grafting; STEMI = ST-elevation myocardial infarction; NSTEMI = non-ST-elevation myocardial infarction. Data are reported as means ± SD. Significant comparisons were performed between patients undergoing different therapy and admission. **P < 0.01; *P < 0.05; ns = not significant. Table 5 . Occurrence of acute coronary syndrome (ACS) in patients with acute myocardial infarction (AMI) after different treatment during hospitalization and one-year follow-up. PCI = percutaneous coronary intervention; CABG = coronary artery bypass grafting; STEMI = ST-elevation myocardial infarction; NSTEMI = non-ST-elevation myocardial infarction. Significant comparisons were performed in each therapy group within patient groups (decreased <30% vs decreased >30%). *P < 0.05; **P < 0.01.
DISCUSSION
ACS is a group syndrome caused by acute myocardial ischemia, induced by more factors from living habits to physical causes for human beings. It includes AMI and UA. ACS is a common clinical cardiovascular disease with a high incidence, and its early diagnosis and prompt treatment have vital significance in patient outcomes. Therefore, it is necessary to optimize the clinical sensitivity and specificity of the diagnostic methods of AMI.
The new "universal definition of myocardial infarction" advised the redefinition of AMI, which was previously defined by the ESC/ACCF/AHA/WHF (Thygesen et al., 2007) . To optimize the diagnostic sensitivity for myocardial infarction while excluding clinical specificity (Morrow et al., 2007) , the immediate measurement of cardiac troponin concentrations is recommended upon hospital admission as well as 6-9 h after admission. These results were consistent with the U.S. National Academy of Clinical Biochemistry (NACB) Laboratory Medicine Practice Guidelines (Apple et al., 2007) . Furthermore, based on the NACB recommendations, if linked with the treatment strategy, the markers for myocardial necrosis can be sampled rapidly and frequently. With the improvement of troponin-detection techniques, the detection limits for cTnT have now reached the nanogram per milliliter level and the precision has reached the 99th percentile. Both diagnostic sensitivity and risk stratification can be improved by monitoring troponin concentrations and including slight changes.
Elevated troponin T levels correlate with the severity of coronary artery disease and poor outcomes, independent of natriuretic peptide concentrations (Latini et al., 2007; Omland et al., 2008) . The results showed that any measurable hs-cTnT concentration is an independent predictor for an adverse event in patients with ACS symptoms (Thygesen et al., 2007) . Overall, these findings supported the use of troponin as the biomarker of choice in risk stratification, and NACB advocated and recommended its measurement in all patients with suspected ACS. A troponin concentration above the 99th percentile is an indicator of death and an increased risk of recurrent ischemic events (Giannitsis et al., 2010) . Cardiac troponin is the preferred marker for myocardial injury in the new guidelines for the diagnosis and treatment of non-STsegment elevation ACS (Apple et al., 2007) . Low troponin T concentrations can be detected in clinically stable patients, such as those with ischemic or non-ischemic heart conditions (Shave et al., 2007; Giannitsis et al., 2010) .
Our results show that hs-cTnT is a predictor of myocardial disease, especially for patients with poor lifestyle habits. The hs-cTnT concentration is much higher in ACS patients than that detected in patients with other diseases, and its sensitivity facilitates the detection of transient cardiac injury. These results provide evidence that hs-cTnT is an appropriate biomarker for detecting UA, which is usually detected through transient ECG changes. In addition, the emergence of hs-cTnT detection kits in clinical trials may facilitate the detection of hs-cTnT in patients with particular diseases, especially with an analytical range of 3-10,000 ng/L and coefficient of variation at 9% using the Elecsys e411 analyzer. The assay was specific for cTnT without interference from human cTnI, cTnC, skeletal muscle TnT, and hemoglobin concentrations up to 1,000 mg/L, above which false lower values could be expected (Mingels et al., 2009) . The increase in hs-cTnT concentrations in normal controls is <1%, whereas these concentrations are increased significantly in patients with HF (Alehagen et al., 2010) , diabetes mellitus, and ventricular hypertrophy due to unbalanced blood supply and demand. Hence, hs-cTnT is a critical factor for quantifying and following up chronic myocardial ischemia. This could account for the obvious increase in hs-cTnT concentrations in HF (Shave et al., 2007) . In addition, it is a useful prognostic predictor independent of left ventricular ejection fraction or B-type natriuretic peptide in patients with congestive HF and non-ischemic dilated cardiomyopathy. In sepsis, measurements of circulating hs-cTnT may be an early marker for shock (Røsjø et al., 2011 ). These results demonstrate that hs-cTnT is a much more sensitive and timely detector for AMI than cTnT. Moreover, it effectively monitors transient cardiac injury, especially in marathon runners, thus leading to the clinical detection of cardiovascular diseases (Saravia et al., 2010) .
Although the function of hs-cTnT in AMI prognosis requires further investigation, the current study provides evidence that hs-cTnT improves the sensitivity of AMI diagnosis and is more effective in risk stratification of adverse events in patients with suspected ACS. Moreover, increase in the α value is an important indicator of AMI diagnosis.
When hs-cTnT was >30 ng/L, the median diagnostic sensitivity for MI was 69% within 4 h after the onset of MI. The diagnostic sensitivity of the second detection reached 94%, in which the risk of cardiac events or death was four times greater than that at the initial hs-cTnT concentration of >30 ng/L in patients after 60 days (Lindahl et al., 2010) . Specificity is lower when detection sensitivity of hs-cTnT increases. Accordingly, the specificity in our study was only 48.3% when the sensitivity was 92.4%. After treatment, a response and >75% increase in hs-cTnT indicates that the test is an independent prognostic determinant, a finding that is consistent with the findings of Palladini et al. (2010) . The diagnostic performance of sensitive cardiac troponin assays is convincing, and these assays can substantially improve the early diagnosis of AMI, particularly in patients with recent-onset chest pain (Reichlin et al., 2009 ). In conclusion, there is a high risk of ACS reoccurrence and death in patients whose hs-cTnT concentration during the recovery period increases by >30% or decreases by <30% compared with the concentration at admission during one-year follow-up.
Our results suggest a significant correlation between the occurrence of AMI and patients' lifestyle habits. Changes in hs-cTnT concentration at admission and at 6 h after admission in patients with ACS have good sensitivity and specificity for the diagnosis of AMI and constitute a better indicator for AMI. In patients with pre-existing cardiovascular disease after discharge, changes in hs-cTnT during the recovery period have better prognostic value than changes in hs-cTnT upon admission. Therefore, hs-cTnT is a sensitive and specific biomarker for AMI in patients with ACS, and the risk assessment can be improved when changes in hscTnT concentration are monitored.
